TI TLE OF THE | NVENTI ON THERMOPLASTI C RESI N FOAM AND PRODUCTI ON PROCESS
THERECOF CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application
clainms the priority of Japanese Patent Application 2007-268372 fil edCct ober
15,2007, which is incorporated herein by reference. FIELD OF THE | NVENTI ON
[0002] This invention relates to a coal esced-strand thernoplastic resin
foam which is free of waviness and is excellent in thickness uniformty,
and also to_a die plate, __die unit and process for its production.
BACKGROUND TAREE 9% 37 BEh SV ENEEONeen conventional |y known foans each

obtai ned by causing a thernoplastic resin to pass through a die having
plural delivery apertures therein to formfoanmed strands and then

coal esci ng t RERRMOFERAISETIC REIS Id &iPpiMe ANDI PRADUCITDRS P RiCHE D IHEREQH ocess of
produci ng a foam structure, which conprises extruding a nolten foamabl e

t her nopl astic conmposition through a die plate having an array of plural
orifices or slits (delivery apertures) arranged such that adjacent strands
or profiles extrudedtherethrough 1 contact and coal esce to forma foam
structure iQRO%SS<REFERENTE aroiSRELATED! AFPLECRTIONpOosed substantially
parallel to the longitudinal axis of the foam [0004] JP-A-2003-311806

di scl oses gowshpd for Tk an_ltif&%tdi%ﬂ ¥eM nf t Bel®8i &r UBLTOF DA 3 dth
direction by arranging a nmultiple bifurcated manifold in an upstream

section of g &l hyshon-sozshoe . PEOYIdina dhechd phe, 24y saledh

mani fol d wi th coat - hanger - shaped, ow rectification nmechani sns

do““Streamfﬁ“%hé@?ﬁgggtéﬁﬂﬂkrein by reference.

FIELD OF THE INVENTION

[0002] This invention relates to a coalesced-strand
thermoplastic resin foam, which is free of waviness and is
excellent in thickness uniformity, and also to a die plate,

die unit and process for its production.

BACKGROUND ART

[0003] There have been conventionally known foams each
obtained by causing a thermoplastic resin to pass through
adie havingplural delivery apertures thereinto form foamed
strands and then coalescing them together. For example,
JP-A-1-502252 discloses a process of producing a foam
structure, which comprises extruding a molten foamable
thermoplasticcompositionthroughadieplatehavinganarray
of plural orifices or slits (delivery apertures) arranged

such that adjacent strandsorprofilesextrudedtherethrough



of these coat-hanger-shaped, flow rectification nechanisns defines a resin
fl ow path having a reduced cross-sectional area at a central part thereof
and flared in a dowward direction at opposite sides thereof such that a
flowrate can be made uniformin a width direction of the thus-flared

resin flow path. [0005] In JP-A-1-502252, however, a thernoplastic resin
needs to be extruded in the formof strands through the respective delivery
apertures by an extruder when it is desired to produce a sheet-shaped or
boar d- shap&PHoart #adi ¢92 AcEERatPvEPY™M ar ea égﬁ.uc,&éﬂt%elrbr"ﬁdl&fﬁ the pe
obtained is wide conpared with a fl ow passage for the resin extruded from

t he extrudettramésmodrfiteactoaphinirdsey sabprebitdmliy peatal helproduct
is thinner at opposite side regions thereof than at a central region

t hereof . [(0005]1JdPgAL2003+8ll 1806sdedcrtitzest camuni formy extrude 2 a resin
with a large width froma resin extruder by using a coat hanger die.
However, an[G0O0&hpt to IBdA-+2i@0a-3tlhidmpliaktliaseed mathddef domalafngt r ands
t hrough the coat hanger die and the die plate disclosed in JP-A-1-502252

and havinglidedaliagrgf ofeld veeyiapertiliesmi DMObV &S dxrobteat ilbh that the
product becones thinner at its opposite side areas than at its central

area, becayserdhgiREOdUGIu 10 PEe BRRIMNQM d@Snankhabd® Wiltdn 189@Hed a

product has a smallér thickness at its opposite side areas than at its

central are.ciNgnphediifitexERYQk\ES 0k 00136 @ FEODL BYS gh%{ fdiple

heat-insul ating performance at such side area ut a In the
appl 1 cabi | idye (9.2, bui Lding: f1am; These, oIoPhSIR THA RS, SPLYgd by trimring
of f the opp05|¥e Si'de areas. i S
rectification mechanisms at downstream ends thereof. Each
of these coat-hanger-shaped, flow rectification mechanisms
defines a resin flow path having a reduced cross-sectional
area at a central part thereof and flared in a downward
direction at opposite sides thereof such that a flow rate
can be made uniform in a width direction of the thus-flared
resin flow path.
[0005] In JP-A-1-502252, however, a thermoplastic
resin needs to be extruded in the form of strands through
the respective delivery apertures by an extruder when it
is desired to produce a sheet-shaped or board-shaped foam
having a relatively large width. As the product to be
obtained is wide compared with a flow passage for the resin
extruded from the extruder, the product is accompanied by
a problem in that the product is thinner at opposite side

regions thereof than at a central region thereof.

[0006] JP-A-2003-311806describestouniformlyextrude



sol ution, however, is acconpani ed by problens. Described specifically, it
takes tine for the trimmng and also for renoving the trimmngs so cut off,
and therefore, is not preferred from standpoint of work efficiency. Unless
the trinmed-off resin can be recycled, it has to be thrown away. These
probl ens beconme particularly serious when the expansion ratio is 10 tines
or larger, because such a large expansion ratio tends to devel op
differences in the thickness of the resulting foamand hence to lead to

wi der cut - of fresin i hlysa 8008 v thhd titheét i 9%t ALdegobyl 157709

di scloses 3 an extrusion die for extruding a thernoplastic resin. This
extrusi on di echils Roagewarstjes - sHapedvspreadi it porProle egdnnedeed to
respective downward outlets of a nultiple bifurcated resin manifold, a
resin hol dittfepoopilestdr argéd iont e downstoesmsindds dthtdegke ts}pseemﬁtng
portions, and a disturbed-flow produci ng neans arranged at the resin

hol di ng portdroge t @ ireduce ttidf Hepeptesei dithe ofsealvihaie-aF 1 t302 2 heravopl asti c
resin in a width direction and to make the flowrate uniformin the width

direction. sy ExgnMph&€Sarfhyt BE distiwichedafdcome progduchie 1IRRaNS, pd dWidm
spring, a breaker equipped with a number of small holes, a rotor equipped

with a numbey of;8here PE%@%%tOrb@&éﬁéE' eRiblades;t Aand appbist Rl aliggaM th a
nunber of sllts formed therein i s considered deS|rabFe to arrange a

means for naking @h%h(’};{“t i@tsecléﬂltf% ML 2 V#@'&Qu%r Eﬁte' g'}ol?ﬁf:@tuste pen the

;

flow of the resin fromany one o t'he "coat - hanger - shaped spreadi ng

portions |s observ the ro Late |§1 not uniformin the wdth direction.
Thes ruEes

Di st urbance kftajf?l ovvs of rgéld f'rom the coat-hanger-shaped spreadi ng
portions IS[O&? ver,

%% a product has a smaller thickness at its
opposite side areas than at its central area, the product
involves not only a problem of inferior heat-insulating
performance at such side areas but also a problem in the
applicability to a building frame. These problems may be
solved by trimming off the opposite side areas. This
solution, however, is accompanied by problems. Described
specifically, it takes time for the trimming and also for
removing the trimmings so cut off, and therefore, is not
preferred from standpoint of work efficiency. Unless the
trimmed-off resin can be recycled, it has to be thrown away.
These problems become particularly serious when the
expansion ratio is 10 times or larger, because such a large
expansionratiotendstodevelopdifferencesinthethickness
of the resulting foam and hence to lead to wider cut-off
trimmings.

[0008] On the other hand, JP-A1-2005-115720 discloses



preferred for obtaining a uniformfoam SUMVARY OF THE | NVENTI ON [ 0009] When
aresinis fed and extruded through a single extruder to obtain a
relatively wi de, sheet-shaped or board-shaped foam of extruded strands, a
problemarises in 4 that the feeding of the resin tends to becone
insufficient especially at the opposite sides and the resulting foam
becones non-uniformin thickness. This probl em becones pronounced
especially when the width of a foam becones 500 mm or greater, and cannot
be fully 0t 8BS USA fHén L PReSX BREALSI%A i BPBERSSEF FRSIM-A- JJDBE 311806
or JP-A-2005-115720 referred to in the above is enployed. Objects of the
present i nestitfoplianedichdrad ofeattrbapant vehapedhePmsd Bist g cPpasilfoam
excellent in thickness and a die plate, die unit and process for the
producti on ainnéetethéonp gt ctivesidowoamd [ 00tk tAs af resmbii tafp lan

ent husi astic investigation, the present inventors have found that the flow
rate of a bEeSinceasdbeeshdeananmi fol o, o rida rdawnstirenpositde ok reantged

coat - hanger - shaped spreadi ng portion, in other words, each

coat - hangerors hapgdwhkewepat s bye abrantidis Oprébaidegvidreadhssi dadofa the
coat - hanger-shaped flow path, a die plate having a multiplicity of delivery

apertures tdies @i APBHETS Rf- yhb&hc i Ake A7 €4 r FAnGRROH e 19é dee58gi ons and
in a center region, leading to the present invention. The above-descri bed

obj ects can, DeyaLg! SYeH 1% LRE ¢ lqi A¥EPLHPR &t Q nO@ 1 AGS e of
ot o pgadh gueh o, U gl e iR o e g

herei nafter. Desc specifica inafirst aspect of the present

et o SRSk PpPRMASE %84y Bhote o L £ ELSEH N T8 B o

restnin athe flow rate uniform in the width direction. As examples
of the disturbed-flow-producing means, a coil spring, a
breaker equipped with a number of small holes, a rotor
equipped with a number of shear blades or agitation blades,
and a slit plate with a number of slits formed therein. It
is considered desirable to arrange a means for making a flow
rate uniform in a width direction because, when the flow
of theresin fromanyone of the coat-hanger-shaped spreading
portions is observed, the flow rate is not uniform in the
width direction. Disturbance to the flows of the resin from

the coat-hanger-shaped spreading portions is, however, not

preferred for obtaining a uniform foam.

SUMMARY OF THE INVENTION
[0009] When a resin is fed and extruded through a single
extruder to obtain a relatively wide, sheet-shaped or

board-shaped foam of extruded strands, a problem arises in



5 formof a sheet, said die plate being to be arranged on a downstream side
of the coat- hanger-shaped flow path to make a flowrate of the nolten
foamabl e thernmoplastic resin uniformin a width direction, wherein the die
plate is provided with a multiplicity of delivery apertures, and in the
delivery apertures, the delivery apertures in opposite side regions have a
di aneter greater than a dianmeter which the delivery apertures in a center
region have. [0011] In a second aspect of the present invention, there is

al so provi ddtfta tdi% feRdiRe bt gie Bl 1l B o cko AREPREr B Sudfd Giiattes,

said die block having a multiple bifurcated manifold termnating in a like
pl ural nunissPeotiabiy- Ba&nddre stippediftleow iste hsahd dbenwearsh badsgt Herebf to
permt extrusion of a nolten foamable thernoplastic resin in a formof a

wi de sheet bearmhaeai dodi-endl faies bei hy itcknss s ar rAngedpecotrlespdnelcaogetso t he
respective coat-hanger-shaped fl ow paths on downstream si des of the

coat - hangerprsdrapedcétows patchs 1tloy ke aHfd avididt @ Ofa fhen Beldoeted g0mbl e
thernoplastic resin uniformin a width direction on the downstream sides of

the coat - hagesr shedete rf | @ndpabiso tWrey eyl Thes ¢k fcphat 8gear @rRach ny ovi ded
with a multiplicity of delivery apertures, and in the delivery apertures,

the deliveray apest yhed ilen LPROBLEESIGe Jregl 0ngo 3have gy ¢li @pet er greater
than a dianeter which the delivery apertures in a center reglon have.

[0012] 1 &y bt dogRagls-of thee DECSANt: I PN haNapLREr & o | mal 89 oBr.Ov ded a

process for producing a ernoplastic resin toam by fee a nolten

foamabl e 't Qﬁgﬂgg{: gst# q:hreeﬁﬁrgsenm’ 9%%%1’1% 1r1<yrllt 'rp tl?llerlérf:ﬁgd ijg'rfoq/'llde

term natlng |

a thermoplastic resin foam excellent in thickness and a die
plate, die unit and process for the production of the
thermoplastic resin foam.

[0010] As a result of an enthusiastic investigation,
the present inventors have found that the flow rate of a
resin can be made uniform on the downstream side of each
coat-hanger-shaped spreading portion, in other words, each
coat~hanger-shaped flowpathbyarranging, onthedownstream
side of the coat~-hanger-shaped flow path, a die plate having
amultiplicity of delivery apertures the diameters of which
are greater in opposite side regions and in a center region,
leading to the present invention. The above-described
objects can be achieved by the present invention to be
described hereinafter. Described specifically, ina first
aspect of the present invention, there is provided a die
plate for a die block having a coat-hanger-shaped flow path

for extruding a molten foamable thermoplastic resin in a



coat - hanger - shaped fl ow paths at downward ends thereof, extruding the
nolten f oamabl e thernoplastic resin as foanmed strands through the

coat - hanger - shaped fl ow paths, and then coal escing the foaned strands
toget her, wherein the foamed strands are extruded through delivery
apertures fornmed in plural die plates arranged corresponding to the
respective coat-hanger-shaped flow paths on downstream sides of the

coat - hanger - shaped fl ow paths; and in each of the plural die plates, the
del i very aé%ﬁﬂ%ﬁ@%Ei@hﬁﬁ%5|§él§ldéer@@Qﬁﬁ;b¢%N@ Odbﬁné?é@%ﬁ%%ﬂ%ﬂ ¢ han a
di ameter, which the delivery apertures in a center region have, to nmake a
flowrate @fowrtmbrﬁ@mt%m¢dbﬁrﬁbleecphérrlfmmr%hﬁ9§|dnfﬂ,|mﬂfmhh|‘LhO aapelt h
direction on the downstream si des of the coat-hanger-shaped flow paths.
[0013] In a ffolow hraspeotf dfhea heo pt eserdftoamakele | bhe rinogrlea st scakseipr ovi ded
a wde thernoplastic resin foam having an expansion ratio of at |east 10
tinmes, a wultif @fm500 amwtiaitl?, db08chong tWthiekabtastofe alid e@bath nm and a
wi dt h/t hi ckness ratio of at |east 10, and the percentage of a m ninmum

t hi ckness pfoth@ed oam Red g lad i b Bast tY0%rbased ver yaapduire § hiokaess  of
the foam 7 [0014] According to the present invention, there can be

provi ded a dheymplast Jf@ﬂ:urg@a”t%'@@li@efrryegpgfrtuvﬁé@ N&S 8 pipd i W dt h
direction of the foamand is excellent in thickness unlfornlty, and a die

plate, di eo%irt,ﬁ %%cpﬁgcf?§§e é)fdigrﬁepégdgfébg'%r BRLEF 2 DEPERIR -Qrgwél e HE

DRAW NGS [ schemati c cross-sectional view of I'e unit

according 9,2 11 gf eubadient of the f idste a5peats 9f A\ present
i nvention ta &Ydi%tect 1 on Bf TAr Fows

[0011] Inasecondaspectof thepresent invention, there
isalsoprovided adie unit composed of adieblock and plural
die plates, said die block having a multiple bifurcated
manifold terminating in a like plural number of
coat-hanger-shaped flow paths at downward ends thereof to
permit extrusion of a molten foamable thermoplastic resin
in a form of a wide sheet, and said die plates being to be
arranged corresponding to the respective
coat-hanger-shaped flow paths on downstream sides of the
coat-hanger-shaped flow paths to make a flow rate of the
molten foamable thermoplastic resin uniform in a width
direction on the downstream sides of the coat-hanger-shaped
flow paths, wherein the die plates are each provided with
a multiplicity of delivery apertures, and in the delivery
apertures, the delivery apertures in opposite side regions
have a diameter greater than a diameter which the delivery

apertures in a center region have.



-1 of FIG 2 for describing the process of the present invention for the
production of a thernoplastic resin foam [0016] FIG 2 is a fragnentary
front view of the die wunit of FIG 1, and shows one of plural die plates
according to a first enbodinment of the first aspect of the present
invention in the die unit of FIG 1. [0017] FIG 3Ais a fragnentary
cross-sectional view of the die plate of FIG 2 taken in the direction of
arrows I[IIA1I1Aof FIG 2. [0018] FIG 3B is a fragnentary cross-sectional
view of tHOWR] pl atelefatildroasrest rPh the Pdiosettt epvem ek ond 918 B-1118B
of FIG 2. [0019] FIG 4 is a fragnentary front viewsimlar to FIG 2, and
i1l ustratestoaésefrpbvitdbdd procatsssiascoreinging® disecoharanpddisteln of
the first aspect of the present 8 invention. [0020] FIG 5 is a front view
of an el onga st dicamlat eeeddogy dimyl tenaf chmald lenbodirmomtl agft 1 he o9 st
aspect of the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND
PREFERRED tHENMBODE MENTSL £ 002&]b1 futhetéidengph af e ldctoordi ngttioma he pflivrst 1 aspect
of the present invention, the die unit according to the second aspect of

t he presentcddtvenshgsd ratdpwed pf 0dwC bladh PrHeesswnaceEer digs t ehelhedtt)i rd
aspect of the present invention, the ratio of the dianeter of the delivery

apertures idkdhediABPOs il 13 &Ie IR NN Be tthd hifo Sl aBRE @M r 851 hNes dRldmved Y
apertures in the center region may preferably be 1.05 to 1.40; the delivery

apertures ié‘tfé‘ﬁdg&ﬁp%&&h%rp@c%ea@%ggﬁ)lsﬂ%%fe‘?{ abby perhacalgd LUdAi N

ranges of 30% based on
coalescing the foamed strands together, wherein the foamed
strands are extruded through delivery apertures formed in
plural die plates arranged corresponding to the respective
coat-hanger-shaped flow paths on downstream sides of the
coat-hanger-shaped flow paths; and in each of the plural
die plates, the delivery apertures in opposite side regions
have a diameter greater than a diameter, which the delivery
apertures in a center region have, to make a flow rate of
the molten foamable thermoplastic resin uniform in a width
direction on the downstream sides of the coat-hanger-shaped
flow paths.
[0013] Inafourthaspect of thepresent invention, there
is also provided a wide thermoplastic resin foam having an
expansion ratio of at least 10 times, a width of 500 mm to
2,500 mm, a thickness of at least 5 mm and a width/thickness
ratioofatleast 10, andthepercentageof aminimumthickness

of the foam being at least 90% based on a maximum thickness

of the foam.



a width of the die plate, fromopposite side edges of the die plate; the
percentage of a mnimumresin delivery rate per delivery aperture based on
a maximumresin delivery rate per delivery aperture nmay preferably be 80%
to 100% the delivery apertures may preferably be arranged in horizontal
arrays; and boundary regions may preferably be arranged between the
opposite side regions and the center region, respectively, and the delivery
apertures in the opposite side regions, the delivery apertures in the
boundary rdfGAl 9 andcaer HelgvepythApepPrgsent inrRNteAler thegicorrasat i sfy
the follow ng equation: a>y>p wherein a: D aneter of the delivery
apertures ibe theoopgedi e thdrieop bgsdns, nus D afeanr whfi athel slefireer pf
apertures in the center region, and y: D aneter of the delivery apertures
in the boundarinesedironde QOG22 dimeichd adi e fubhe fcazorahiag st exclkd 1sactond
aspect of the present invention, the coat-hanger-shaped flow paths and the
di e pl at es imayhpeghersabliyilie rariranged dasdirenyl &ase, AitOuhbt de$peeidesd y; the
coat - hanger - shaped fl ow paths may preferably have a width of 130 to 450 mm
at downstrepm ;i €gdgrbleiceafsn and the plural die plates may each preferably
satisfy the followng conditions: D1>2 mm and W/ D1>10 wherein D : Total
hei ght of the delivery apertures in each

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a schematic cross-sectional view of
adieunit accordingtoafirst embodiment of the first aspect
of the present invention taken in the direction of arrows
I-I of FIG. 2 for describing the process of the present
invention for the production of a thermoplastic resin foam.
[001l6] FIG. 2 is a fragmentary front view of the die
unit of FIG. 1, and shows one of plural die plates according
to a first embodiment of the first aspect of the present
invention in the die unit of FIG. 1.

[0017] FIG. 3A is a fragmentary cross-sectional view
of the die plate of FIG. 2 taken in the direction of arrows
ITIIA-IIIA of FIG. 2.

[0018] FIG. 3B is a fragmentary cross-sectional view
of the die plate of FIG. 2 taken in the direction of arrows
ITIB-IIIB of FIG. 2.

[0019] FIG. 4 is a fragmentary front view similar to
FIG. 2, and illustrates one of plural die plates according

to a second embodiment of the first aspect of the present



die plate, and WL: Total width of the plural die plates. (0023] According to
the third enbodi nent of the first aspect of the present invention, there is
al so provided an 10 elongated die plate for a die block having plural

coat - hanger - shaped fl ow paths for extruding a nolten foamable thernoplastic
resin in a formof a wide sheet, said elongated die plate being to be
arranged on downstream sides of the coat-hanger-shaped flow paths to naeke a
flowrate t he. nolten foamabl e thernmoplastic resin uniformin a width

di rection &PW%?Peam si des of the coat -hanger -shaped flow paths,

conpri sing pl ur al er of_die plates fined above inte rated
in the w dt[?péj#é(ﬁctl ongIsQJcE(biLﬁa"t‘ If%tp‘ﬂﬁ‘éloﬁl?ﬁ’oé oY & &4 5t é’rsl te
correspond to the coat-hanger-shaped flow paths, respectlvely In the
above- descﬁ%@r@liéguhptaa%fébml% Pélf“ﬁélts@cfoﬁ@ea§|c}éc9tt FsPedie PF ddet
invention and the production process according to the third aspect of the
present inueEigesent th&egitirat-. die plates can conprise the above-described
el ongated die plate. [0024] The present invention will next be described in
further detail based on best nodes for carrying it out. As illustratively
shown in FIG 1, the process of the present invention for the production of
a thernopl TETRILEPI DESCRIPTEONSOF MHE cINVERTHEONe ANDErPREFERRED r €si n
through a multiple bifurcated manifold 2 fornmed in a die block 10 and

t er m nat i ngeMBopIMERITSCOat - hanger - shaped flow paths 1 at downward ends

t hereof, extrudes the nolten foamable thernoplastic resin as foaned strands

through therddaij In the die plate according to the first aspect
of thepresent invention, thedieunit accordingtothe second
aspect of the present invention and the production process
according to the third aspect of the present invention, the
ratio of the diameter of the delivery apertures in the
opposite side regions to the diameter of the delivery
apertures in the center region may preferably be 1.05 to
1.40; the delivery apertures in the opposite side regions
may preferably be located within ranges of 30%, based on
a width of the die plate, from opposite side edges of the
die plate; the percentage of a minimum resin delivery rate
per delivery aperture based on a maximum resin delivery rate
per delivery aperture may preferably be 80% to 100%; the
delivery apertures may preferably be arranged in horizontal
arrays; and boundary regions may preferably be arranged
between the opposite side regions and the center region,
respectively, and the delivery apertures in the opposite

side regions, thedelivery apertures in the boundary regions



coat - hanger-shaped fl ow paths 1, and then coal esces the foanmed strands
together into a wde thernoplastic resin foam The process is characterized
in that the foaned strands are extruded through numerous delivery apertures
3 formed in plural die plates 4 arranged corresponding to the respective
coat - hanger - shaped fl ow paths 1 on downstream si des of the

coat - hanger -shaped flow paths 1; and that in each of the plural die plates,
t he delivery % rtyres 3 in opposite side. regions a,a, have a dianeter a
greater t h@nchteanBLar sy ARG RS WEhFory M EEEEET St o Cork

region b have,. to make a flow rate of the nolten foanmabl e thernoplastic
resin unif i andi 8A43F ATt i on on the downstream sides of the

coat - hanger-shaped flow paths 1. It is to be noted that the die block 10
and the plural diceyBates 4 nake up a die unit 100. The total wi dth W of
the plural die plates 4 can be, for exanple, 500 to 2,500 nm According to
this procedsesrehe delivery rate of the nolten resin is made uni form over
the entire width of all the die plates 4, thereby naking it possible to
obtain a foam whigchDigrdteer @ff wae 8633 vad ap®rnidf®s M Rhichbpkresise It is
to be noted that the die wunit 100 can be constructed by arranging one die
plate 4 for every cpade hasgebnshaped flow path 1 (specifically, eight die
pl ates 4 when the die unit 100 has ei ght coat-hanger-shaped fl ow paths 1)
(FIG 1) . As depi.ct i I S : L Ve, o] t ie. plate
24 can be 12 forme %ylﬁélqtn?gg%t?%g gigglgjleta{fje%é,yg F%% gbeeg%c%%ﬁfdoéjf ded
wth amltiplicity delivery apertures 3, as nmany as the nunber of the
coat - hanger - shaped flow paths I in a width direction such that the die

pl ates 4 corr esp(%rzld to the r %sgﬁct i incoat - han%ecr - shaped tfhleo%/o%arlltdﬂasryl.

Diameteér o e delivery apertures in
regions.
[0022] In the die unit according to the second aspect

of the present invention, the coat-hanger-shaped flow paths
and the die plates may preferably be arranged as many as
2 to 16, respectively; the coat-hanger-shaped flow paths
may preferably have a width of 130 to 450 mm at downstream
ends thereof; and the plural die plates may each preferably
satisfy the following conditions:

D1>2 mm, and

W1/D1>10
wherein

Dl1: Total height of the delivery apertures in each

die plate, and

Wl: Total width of the plural die plates.

{0023] According to the third embodiment of the first

aspect of the present invention, there is also provided an

10



[0025] In the foregoing, the nunber of the coat-hanger-shaped flow paths 1
and the nunber of the die plates 4 are each 2 to 16 in general. It is to be
noted that, although the nunber of the coat-hanger-shaped flow paths 1 and
the nunber of the die plates 4 are each 8 in the first enbodi nent shown in
FIG 1, the present invention shall not be |limted by FIG 1. The objects
of the present invention cannot be achieved if a die unit has only one

coat - hanger -shaped fl ow path 1 and one die plate 4. If the nupber of

coat - hanger2lHigRbe f| Bwep&ita S8 endlfulbk?ckolagit@umteraleach exceed
16, effects of shear force on_ a flow of a nolten resin becone_significant
so that thEqalsthanggy -saared Lhadr §6 L4 1§ F epktrosiingg drmpheen
productivity of foans may drop. The nore preferred nunbers of

coat - hangert-ctepede filoav paphe st igndegiiear phaa do mn gifea etickhe sheet 1Gaid026]
The width W2 of each coat-hanger-shaped flow path 1 at the downstream end

t hereof carlyprjetabldidelEd® beinMbOonre ai nd oy dd \Wh dowinsdrr ¢ drars ikB0s mm
unavoi dably in an increase in the nunber of coat-hanger-shaped flow paths 1
13 so that dfmeted fechs-abngfeaarsioped dhow Pannoft @ makeen frlesi rdresone
significant. As a result, the resin may fail to undergo sufficient foam ng

or the prodictheiniyl 0&nframkab MY HE @fop D& skl ciBys DRGATES HEGETSARMA dtth
intricately vary the dianeters of the delivery apertures 3 in the

respective g i&- Pl ahem dowWcdihua Y8 i siaRl £ nidh@ha L 30 MYy s HisE &frargy not
preferred. A wdth greater than 450 nm on the other Hhand, nakes it

difficult i I if I f
devel op vai Hese” of CRgy e T rbar t 0 F LT, o RRRSF ol Heaur say st s

thICkneSS'defined above integrated in the width directions such that

the plural number of die plates correspond to the
coat-hanger-shaped flow paths, respectively. In the
above-described die unit according to the second aspect of
the present invention and the production process according
to the third aspect of the present invention, the plural
die plates can comprise the above-described elongated die
plate.

[0024] The present invention will next be described in
further detail based on best modes for carrying it out. As
illustratively shown in FIG. 1, the process of the present
invention for the production of a thermoplastic resin foam
feeds a molten foamable thermoplastic resin through a
multiple bifurcated manifold 2 formed in a die block 10 and
terminating in plural coat-hanger-shaped flow paths 1 at
downward ends thereof, extrudes the molten foamable

thermoplastic resin as foamed strands through the
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Wdths W2 greater than 450 are therefore not preferred either. A nore
preferred wwdth W2 is 200 to 400 mm Further, the 1inlet angle 8 of each
coat - hanger-shaped flow path 1 may be preferably 90 to 180, nore preferably
120 to 160. [0027] It is also preferred that the total height D of the
delivery apertures 3 in each die plate 4 is at least 2 mmand that, when
the total wdth of the delivery apertures 3 in the plural die plates 4 is
represented by W4, WL/D1_ is at_Jeast 10. Wth a total height Dl smaller
than 2 nm SoHe Rrreersshamad Flatt Brédcharaciedi SPFE @3 HRSeRPr (€i%n  of
a high-viscosity resin such as pol ypropylene resin useful in the present

i nventi on d&nnrA Fergadpeogghdreadi nhad wbde & heagipr laghé cdi ehsiforam -
accuracy of the thickness is deteriorated. Total widths snmaller than 2 mm
are ther ef ditee protc g efier chdradt ami padisn srhet dhea farmed] stthanads @r<ei ght
14 DI becones extrenely large relative to a total wwdth WL of 500 to 2,500
mm As a censeguéedethtbeghesulne ngus odeliyeharafier puogsdad fwirited in

snoot hness, or after the foamng, a longer tinme is needed until the resin
i nsi de t he dloam haridepsateandl aax an g @S dldr rd dyeo hoamgunslehgoes speictikage and
the resulting product is hardly provided with a high expansion ratio.

WL/ D1 rati Qs Strehiegethamalidrf dheyaf1os e ket dopmefterdaf.s M e ¢f eftesred D
is5to 70 M while nore preferred W/D is 10 to 800. [0028] The delivery

apertures %daﬂtll@naéﬁé‘%@ﬁa ioyepi bnpa iRy Be arf@vedatnia bakhl of ldke

pattern as shown in , or maybe obliquely arrayed in a honeyconb

_ Fown T maybe obl T quiel'y artaye oneycort
Fonm - bbcone H high FLETBT 115 o GALEE Y TReR Ay ad | APA Horeyaeib

pattern, O@ééf%gghgrahaﬂgbetgedggﬁgéégmhfé¥%%ter than a diameter B,

which the delivery apertures 3 in a center region b have,
to make a flow rate of the molten foamable thermoplastic
resin uniform in a width direction on the downstream sides
of the coat-hanger-shaped flow paths 1. It is to be noted
that the die block 10 and the plural die plates 4 make up
a die unit 100. The total width W1 of the plural die plates
4 can be, for example, 500 to 2,500 mm. According to this
process, thedeliveryrateof themoltenresinismadeuniform
over the entire width of all the die plates 4, thereby making
it possible to obtain a foam which is free of waviness and
is uniform in thickness. It is to be noted that the die
unit 100 can be constructed by arranging one die plate 4
for every coat-hanger-shaped flow path 1 (specifically,
eight die plates 4 when the die unit 100 has eight

coat-hanger-shaped flow paths 1) (FIG. 1). As depicted in

FIG. 5 as an alternative, an elongated die plate 24 can be

12



becqomes a product of high bending strength. [0029] FIG 2 is a fragnentary
front view of the die wunit 100 of FIG 1, and illustrates one of the die
plates 4. The delivery apertures 3 arranged in the die plate 4 illustrated
in FIG 2 may preferably be set such that as depicted in FIGS. 3A and 3B
the delivery apertures 3 in opposite side regions a,a" have a dianeter a
greater than a dianmeter a which the delivery apertures 3 in a center region
b have. Preferably, a/p n%éabe s%ﬁ,at 1.05 to 1.40. In general, t.he
delivery r&Fid DY St IRt bRt aRRhes e WS JeRihfeFR CApBICTHEES n
each die plate 4, said delivery apertures being |ocated in opposite side
areas (the %itde 2 pagditdmsl ciy 9f A&l vany cm%rgéwﬁ Pngd £ IBMAY el o
beconme thinner at boundary areas between the adjacent die plates 4. Wen
al (3 is setnuwbeiesefi bbe aberehanges-pbeviad £ kaw rabhendaia fowitdiks
tendency and to obtain a foamhaving a uniformthickness. a/(3 ratios
smal | er thahide®bicansoich briay tbeutikhe labowe- desoridessp@iifleto, thlei | e a/ P
ratios greater than 1.40 lead to foans each of which has an increased

t hi ckness atedphecbouadaon tartfemsgbetshapddef boyapanthsdile. plates 4. a/ (3
rati os outside the above range are therefore not preferred. Mire preferred

a/ (3 is 1.00d251. 25. 1004 Fheewodins, Whefntiheeaprositigesi de regions a,
a' my preferably extend over ranges of 30% based on the width (WB) of

the die pl &l {4 anbbemINH OPPOSLLCoSLHE €U9RY Che hhGHEL X alife (He 1IN
ot her words, may préferably satisfy the follow ng equation: 0<W<(0.3 x

VB). By Seldidicelng owkdEhonVy ofotie shdfebagipns are i sas dpscridiad above.

the thickness of the result oam may bDe rende nore uniform at the

boundary aﬁﬁ%?tpeéf@ﬁgu%%efﬂ%i%ﬁﬁgegigfpkﬁge%o%t—hanger—shaped flow

paths 1 and the number of the die plates 4 are each 8 in
the first embodiment shown in FIG. 1, the present invention
shall not be limited by FIG. 1. The objects of the present
invention cannot be achieved if a die unit has only one
coat-hanger-shaped flow path 1 and one die plate 4. 1If the
number of coat-hanger-shaped flow paths 1 and the number
of die units 4 each exceed 16, effects of shear force on
a flowof amolten resin become significant so that the resin
may fail to undergo sufficient foaming or the productivity
of foams may drop. The more preferred numbers of
coat-hanger-shaped flow paths 1 and die plates 4 are each
2 to 10.

[0026] ThewidthW2 of eachcoat-hanger-shaped flowpath
1 at the downstream end thereof can preferably be 130 to
450 mm. A width W2 smaller than 130 mm unavoidably in an

increase in the number of coat-hanger-shaped flow paths 1
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[0031] Die plates for use in the present invention can also be fornmed such
that as a die plate 14 depicted in FIG 4, boundary regions c, c' are
arranged between opposite side regions a,a and a center region b,
respectively, and delivery apertures 13 in the opposite side regions a,a',
16 delivery apertures 13 in the boundary regions ¢ and ¢' and delivery
apertures 13 in the center region (b) satisfy the follow ng equation: a>y>p
wherein a: Diameter of the delivery apertures 13 in the oppgsite side
regions a, &2 {api ket 8EIECTHhP et hvery I9p&a Ges® 1BLPH PhedcB e r egi on
b, and y: D aneter of the delivery apertures 13 in the boundary regjons
c,c' (al so el FhEsoma $han 3B Cant | s AD & esstldd (He Lf Partax fidar!
limtation is inposed on the positions of these boundary regions c, c

i nsof ar as ta neyder®o |sothi edibatweeaming Sirdeheeprodsicd il t vt theareent er
region b. [0032] By setting the percentage of a mninumresin delivery rate
per delivemawpéropyeod at I3 yatb<809mé¢ ondO66%sabrgsard aimar ragicrlm nestn
delivery rate per delivery aperture 3 or 13 (by setting the difference

bet ween t heHé @iirame ¢ €6s o f deld derny vt ¢ auk € iiee FEXiiMUmheeseBpd@itives y rate
within 20% based on the maximumresin delivery rate), simlar advantageous

effects as fasqidesds aboveycannhhenobsabnedr th@e33BoNamParkl eulated tati on
is inmposed on the resin for use in the present invention. Exanples include
pol ypropyl eng: resd fe rpaky et RyLARE H &l dht P! YR8HEH5DERIISon the other

hand, makes it difficult to allow a resin to flow uniform

so that the resulting foam may develop waviness or may be

impaired in the dimensional accuracy of its thickness.

Widths W2 greater than 450 are therefore not preferredeither.

A more preferred width W2 is 200 to 400 mm. Further, the

inlet angle & of each coat-hanger-shaped flow path 1 may

be preferably 90 to 180°, more preferably 120 to 160°.

[0027] It is also preferred that the total height D1

of the delivery apertures 3 in each die plate 4 is at least

2 mm and that, when the total width of the delivery apertures

3 in the plural die plates 4 is represented by Wl, W1/D1l

is at least 10. With a total height D1 smaller than 2 mm,

theeffectsofmelt fracturescharacteristictotheextrusion

of ahigh-viscosity resin such as polypropylene resinuseful

in the present invention can no longer be ignored, and as

a result, the dimensional accuracy of the thickness is

deteriorated. Total widths smaller than 2 mm are therefore

not preferred. IfW1/Dlissmaller thanl1l0, the total height
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17 polylactic acid resin, polyamde resins, and the like. They can be used
either singly or in conbination. These resins nmay be either crosslinked or
uncrosslinked. Wth crosslinked resins, the present invention can reduce
trimmngs. Wth uncrosslinked resins, on the other hand, recycling is
feasible even when trinmmngs are forned a |little. [0034] As uncrosslinked
resins, propyl enehonopol yner, propyl ene-ethyl ene copol yners forned
primarily of propylene, and bl ended resins of polypropyl ene-based resins
and pol yet I &RCIReEFeEPHE L Val IR wWhilaH Hev e @ @ &atat yidkh gel ol ecul ar
wei ghts, can be preferably used for their excellent extrusion foamability
and the supetb t? che? @0 eBm. of Apoansoavaiduasl @ £ rone t hea lLdogsfoam is
Pol ypr opyl ene-based resins can be suitably adopted because, even when
uncrosslimaak¢ﬂmpgrenédeWomdgdiynmvoehpesbalbwtﬂﬁmﬁredhéofoaMﬁqyw a
expansion ratio is enployed, a foamavailable as a result of the practice
of the produnigentpheces saaked uspadi fhe reaonid therisiecahelfmamphaviddacs wi th a
hi gh expansion ratio and also with a uniform thickness. A description wll

herei naft erarhe s#@de abeutlt theheiseoah RElJDF@PyEepBRasetyd eshas threcl udi ng
uncrossl i nked pol ypropyl ene-based resins as specific exanples. [0036] As

the uncross-ddnkedngohysaapy! %%Q@@@g peskNded &iitth laShRGRf ekpat diyaise one
having a nelt tension (M) of to 30 g at 230C. It is to be noted that a

el t tensign,. fan bg g8tenned alnd) TRISUIRIEN of SURCLAIS OF e 2306  an

extrusion speed of 10 mmimn and a take-up speed

preferred. More preferred D1 is 5 to 70 mm, while more
preferred W1/D1l is 10 to 800.

[0028] Thedeliveryapertures 3inthepresent invention
may be arrayed in a lattice-like pattern as shown in FIG.
2, ormaybeobliquelyarrayedinahoneycomb (zigzag) pattern.
When arrayed in a lattice-like pattern, the resulting foam
becomes a high-flexibility product. When arrayed in a
honeycomb pattern, on the other hand, the resulting foam
becomes a product of high bending strength.

[0029] FIG. 2 is a fragmentary front view of the die
unit 100 of FIG. 1, and illustrates one of the die plates
4., The delivery apertures 3 arranged in the die plate 4
illustrated in FIG. 2 may preferably be set such that as
depicted in FIGS. 3A and 3B, the delivery apertures 3 in
opposite side regions a,a’ have a diameter a greater than
adiameter fwhichthe delivery apertures 3 inacenter region
b have. Preferably, a/P may be set at 1.05 to 1.40. 1In

general, the delivery rate of a resin is lower through the
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m mn by using a capirograph. A nelt tension lower than 5 g is susceptible
to cell collapse upon foamng, while a nelt tension higher than 30 g does
not permt any sufficient cell growth upon foam ng. The nelt tension nmaybe
preferably 6.5 to 20 g, nore preferably 7.5 to 10 g. [0037] Further, the
above-descri bed uncrosslinked polypropyl ene-based resin may preferably
satisfy the followng equation (1): Log(MI) > -1.331og(MFR) + 1.2 (1)
wherein MI: Melt tension at 230C as defined above, and MR Melt flowrate
at 230C. [ GF38]vanyuapesddlisked pBl ¢RCop\enePrtesen dor nid ufelédSItvhked
pol ypropyl ene resin containing plural thernoplastic resins is extrenely

sui ted whermpestuees beéngi drecaide WFR1sappofy ttches iabovardasciithed sdgiat i on
(I'), because the nelt flowability of the resin increases concurrently with
its melt teresgionstaeaf ¢si Boptassuitd ecare s et appr Hpamat enyl smaiontoaiavede upon
extrusion for foamng, cell walls are allowed to undergo sufficient

ext ensi on winihnépaat Ngoundd rgy heamobetvegh expainsdianenat ddecaldegeadily
19 obtained. [0039] As a foam ng agent, an inorganic inert gas such as

carbon di ox de \feRidyPILY. s8thydr gearRandasad, gas suchs 89 shutane f
pentane, flon gas or an alternate flon gas can be nentioned. To obtain a

foam of a Rgi,expanel ed all0s dndOnkyMas Ot PTEH £InbY Eeam MG iNgy
uncrossl i nked ~ pol ypropyl ene-based resin with an inorganic inert gas, it 1is

preferred Lo spuse the, fopring solp)y Mith,a 9as110:2cnWPeT od Uashlostate

When an I norganic 1Tnefrt gas 1's 'useq,
bring about the above-described effect, while a/p ratios
greater than 1.40 lead to foams each of which has an increased
thickness at the boundary areas between the adjacent die
plates 4. o/P ratios outside the above range are therefore
not preferred. More preferred a/Bf is 1.05 to 1.25.
[0030] The widths W4 of the opposite side regions a,a’
may preferably extend over ranges of 30%, based on the width
(W3) of the die plate (4), from the opposite side edges of
the die plate (4), in other words, may preferably satisfy
the following equation: 0<W4<(0.3 x W3). By setting the
widths W4 of the side regions a,a’ as described above, the
thickness of the resulting foammay be rendered more uniform
at the boundary areas between the adjacent die plates 4.
[0031] Die plates for use in the present invention can
also be formed such that as a die plate 14 depicted in FIG.
4, boundary regions c,c’ are arranged between opposite side

regions a,a’ and a center region b, respectively, and

delivery apertures 13 in the opposite side regions a,a’,

16



carhon di oxide the critical pressure of which is relatively lowis nost
preferred. When carbon dioxide in a supercritical state is used, it is
suitable to cause the foamng of a thernoplastic resin by using preferably
4 to 20 parts by weight, particularly preferably 5 to 15 parts by wei ght
of carbon di oxide per 100 parts by weight of the thernoplastic resin. Use
of carbon dioxide in an anount snaller than 4 parts by weight tends to
result in a lower expansion ratio, while its use in an amount greater than
20 parts bylSiel GhFYt3RREHS ol L&r §8SvBPHE SR & BRREC &R Bon adidxi de
inthe resulting foam It is, therefore, not preferred to use carbon

di oxi de i n dgl aveurtaparsiges LRelabbhe- aeséeirbsgIiaigd b IWeert fvaritdei s
performed with a hydrocarbon-based gas, flon gas or an alternative flon
gas, the fdanihgwtag bgueffiezned preferably by adding the foam ng agent as
much as 3 to 30 parts by weight, which can 20 give a gas anmount sufficient
to maintain a suidablpe resin pressure. [0040] The foam according to the
present invention can be produced by using an extruder and the die unit of
FIG 1 attwacdediho a free end of the extruder, m xing carbon dioxide,
which is specifically in a supercritical state, as a foamng agent in an
uncrossl i nked polgy.oh e G5 P tERBOTH Le@Y 2 GOPE Bi-RISND3 3R UNCHRFd ked
pol ypropyl ene resin of the above-described physical properties, and nelting
and extruding the Eg%knlggfpgﬁgtgggrqt a tenperature of 160 to 250C
[0041] A nelting and extrusion tenperature |lower than 160C is not preferred

because the di ssof upi o0 or, diff ik o) Pl.3YPEEELLLSA 152 RSl g, T nto

region b, and
yY: Diameter of thedeliveryapertures 13 inthe boundary

regions c¢,c’ (also see FIGS. 3A and 3B).
It is to be noted that no particular limitation is imposed
on the positions of these boundary regions c¢,c’ insofar as
they are located between the side regions a,a’ and the center
region b.
[0032] By setting the percentage of a minimum resin
delivery rate per delivery aperture 3 or 13 at 80% to 100%
based on a maximum resin delivery rate per delivery aperture
3o0r 13 (by setting the difference between the minimum resin
delivery rate and the maximum resin delivery rate within
20% based on the maximum resin delivery rate), similar
advantageous effects as described above can be obtained.
[0033] No particular limitation is imposed on the resin
for use in the present invention. Examples include

polypropylene resin, polyethylene resin, polyester resins,

17



or the extensibility of the resin upon foamng is insufficient to result in
a reduced expansion ratio. On the other hand, a nelting and extrusion
tenperature higher than 250C is not preferred either because a
deterioration such as nolecul ar chain scission of the polypropyl ene-based
resin under heat or a heat shrinkage caused by a delay in cooling and
solidification after foam ng begins to take place. The resin tenperature
shortly before the foam ng nmay be preferably 160 to 210C, nore preferably
170 to 200@olmwkict preferdbley iI80ptd yh@tcCe fF6642]s , Tangrdw de ke .f odthaew th a
hi gh expansion ratio 21 in the present invention, it is suitable to

mai nt ai n t kean preesswde e iathd hes ipod yprapyilremenieishat { bhe préassd edsssy
preferably at 6 to 20 MPa shortly before the delivery apertures of the die

plates attaghedéoet Reelr eer gl oh ke orexinteeEsand e r eliease and foamthe
pol ypropyl ene resin wth carbon di oxide dissolved in a supercritical state

therein under,al MDsRBEM e N ESSULRe The W€ PREERLNRGD HUESSHEELOSS is 7
to 15 MPa. [0043] Apressure loss lower than 6 MPa is not preferred, because

t he carbon .dj.axj i ssgl.ved i rptigal a in.t
polyoleﬂlvé%éﬁ%gﬁggrn @%h%b&%ﬁ%é?%gﬁggégokggggﬁﬁrg%%%?ﬁég&glﬁhgigg?uder
and al so inside ihe di.e ock f oam ng takesgglace i nsi de tge diﬁ unit, and

cel | coal esScEnie 108y d8siSAS LRI §V6M S r BRLEREET S (F BXpaREMSH Fati o and

a substantial deterioration in external attraction occur. On the other
hand, a pré%%%?%eross hi gher than 20 MPa is not preferred either, because
| arge shear_ force tends to apply to cells upon formation of the cells

t hrough foalf@®34]and cd9urerPgsde rdirr £BE IEGnvRE 9Py <dfe RAaBORSIIY™GF uct ur e

propylene-ethylene copolymers formed primarily of
propylene, andblended resins of polypropylene-based resins
and polyethylene-based resins, all of which have relatively
large molecular weights, can be preferably used for their
excellent extrusion foamability and the superb properties
of foams available from them.

[0035] Polypropylene-based resins can be suitably
adopted because, even when uncrosslinked propylene
homopolymer especially unsuited for a high expansion ratio
is employed, a foam available as a result of the practice
of the production process under specific conditions can be
provided with a high expansion ratio and also with a uniform
thickness. A description will hereinafter be made about
the use of polypropylene-based resins including
uncrosslinked polypropylene-based resins as specific
examples.

[0036] Astheuncrosslinkedpolypropylene-basedresin,
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intoQ a non-uniformcell structure take place. Such an inconplete cel
structure acts as a |large obstacle for the presentation of a good external
appearance or thickness wuniformty as a foamed board or for the exhibition
of high heat-insulation performance as a foaned board. [0044] The
above-descri bed tendency is |likew se 22 observed when a hydrocarbon-based
gas, flon gas or an alternative flon gas is used. The resin pressure
shortly before the delivery apertures in the die plates attached to the
free end oflt hes ex¥ehgsreids Gotuge ePeer Bavihen d melt exredonvedMIhigh or

|l ow, and may preferably be 3 to 20 MPa. [0045] The extrusion delivery rate
fromthe ex ruded0 gt @IFET.ablit bies 1t ¢ dod,1000eégt het bnmpdrtt iterdsaront he
extrusion delivery rate may preferably be about 1 to 50 kg/hr for an

extruder ofcdiepéeefiatevalinesddt Schewsdiramrired fopeerandrapat 200t©, 1, 000
kg/ hr for an extruder of the relatively I|arge screwdianeter type. If the

delivery raire dscrexceasispgeky barge amn/sial bhndaastbkabl g pE@ssdrer | Pss can
be hardly maintained for the foamng at the tie plates, thereby making it

i mpossi bl e Iﬁﬂnﬂbtﬁ%/nuéifn@a_@ Hadi SoGERphent A evddansi Ofs{8hi QoMe @HHAI NG i N
cell collapse. If the delivery rate is large, it is necessary to contro

the tempergiging aly, &edeyehi8ukbedehar doamng. bpaRYEBeaRheroms,, npcegsary

to consider & contrivance such as t i n-series onnecti on of a

(urther ortduter L0108 A8 0,00 50 o, PEE U B398 PXpUET A A ncer
const 1 uct ed. bRSLCALLY, B ccObLN! ng | NrRLRER: L% 5 R4F LRLLAL A ST $V
6.5 to 20 g, more preferably 7.5 to 10 g.
[0037] Further, the above-described uncrosslinked
polypropylene-based resin may preferably satisfy the
following equation (I):
Log (MT) > -1.33log(MFR) + 1.2 (I)
wherein
MT: Melt tension at 230°C as defined above, and
MFR: Melt flow rate at 230°C.
[0038] An uncrosslinked polypropylene resin or an
uncrosslinked polypropylene resin containing plural
thermoplastic resins is extremely suited when its melt
tension and MFR satisfy the above-described equation (I),
because the melt flowability of the resin increases
concurrently with its melt tension, the resin pressure can
be appropriatelymaintaineduponextrusion for foaming, cell
walls are allowed to undergo sufficient extension upon

foaming, and a foam of a high expansion ratio can be readily
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mm and an Lc/Dc ratio of 15 to 40 in which Lc represents 23 a screw | ength.
The use of the tandem extruder nmakes it possible to control the rotational
speeds of the individual screws such that a resin pressure | oss condition
and delivery rate through the die plates, said pressure |loss condition and
delivery rate being suited for the foam ng, can be independently achieved,
and al so nmakes it possible to finely adjust the resin tenperature such that
the properties of the uncrosslinked polyol efin-based resin conposition can
be fully exitaiedd-Accordingly, a foamof excellent properties can be
produced. [0047] The foam obtai ned as descri bed above is a foam of

coal esced, FUIRH t her Asphadoaningsagestt,ands 1 natrigen hasinant esgarsion ratio
of 10 tinmes or greater, a width (W) of 500 nmto 2,500 mm a thickness
(D2) of 5 ram chrjpeeatiérxanike oxr WbLD2 geat,i @ byd10car bgrreat @8 e d Tdees rudhmum

t hi ckness of the foamis 90% or greater of the maxi numthickness of the
foam It | sad umnwted ddistardde flesmddhickresalt)nates f useddereim neans
t he average thickness of the foam [0048] The width (Ws) and thickness (D2)

of the foamBe aten@eHLEall Y TO e@tterid hareddie d ptaln WyHt bxp¥b) i aldtihe die
plates 4 and the total height (D1 of the delivery apertures, and its W5/ D2

s 10 or grspten Likew se Joeadbushy oai1gkerss ol ddies oameand to make

its thickness uniform e foam can’be pressed in a thickness direction
uron SOLNGRLUE, E9HD. e L 2o reien VB B DRGSR AUy Rd ) o1
toobtain a sultap e €8 ko UL fnaEoSRing" SEILPY 90 &% s fyep WD
supercritical state. When an inorganic inert gas is used,
carbon dioxide the critical pressure of which is relatively
low 1is most preferred. When carbon dioxide in a
supercritical state is used, it is suitable to cause the
foaming of a thermoplastic resin by using preferably 4 to
20 parts by weight, particularly preferably 5 to 15 parts
by weight of carbon dioxide per 100 parts by weight of the
thermoplastic resin. Use of carbon dioxide in an amount
smaller than 4 parts by weight tends to result in a lower
expansion ratio, while its use in an amount greater than
20 parts by weight tends to form large voids due to excess
carbon dioxide in the resulting foam. It is, therefore,
not preferred to use carbon dioxide in an amount outside
the above-described range. When foaming is performed with
a hydrocarbon-based gas, flon gas or an alternative flon

gas, the foaming can be effected preferably by adding the

foaming agent as much as 3 to 30 parts by weight, which can
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expansion ratio of 15 tinmes or greater or 20 tines or greater, the foamis
suited because it has a suitable cell dianeter and cell distribution
factor, has a |l arge expansion ratio, exhibits sufficient heat performance
as a nenber, has a low specific gravity, can reduce the material cost, and
is excellent in heat insulation properties. Exanples [0049] Exanples and
Conparative Exanples will hereinafter be described to explain the present
invention in further detail, although the present invention shall not be
linited onl9iv® & s IBQANDPE e3U L B ghsinds tR Mgt ThApar gt i e Pheamsisesn 1- 3

[ 0050] Provided were extruders each of which had a die wunit 100 conposed of
a die blockrerandeplural die plates 4. The die block 10 had a nultiple

bi furcated manifold 2 termnating in plural coat-hanger-shaped flow paths 1
at free erldP40kreof , Tared fohe diceoplddtres th wbeepapsamded nveoryiesparati ng t o
t he coat - hanger-shaped flow paths 1 and had delivery apertures 3 therein.
Det ai | s of Hhgesdexédudgr ssang an sxawuder Tabdethéd. difei ngitthese XA r uder s,
foanms were produced under the correspondi ng production conditions shown in

Table 1-1 angtfabhedlt@a fropenid €6 th% Oft tH8ekesi % 2R JNaEn A 8w i n
Table 2. It is to be noted that in Exanple 3, an elongated die plate 24

having ei gi{i & Qupspatidaldery i3P8rd s E8c 31k & 15k0ghe PhatL raamidapi ct ed
in FIG 5 was enployed in place of the conbination of eight die plates 4.

B T T L L

to determég%égfnfgaigﬂ”ﬁhgpgsEf?g%%&ﬁpéf§b£88§?@%§Lf%sPn of the
above-described physical properties, and melting and
extruding the resin composition at a temperature of 160 to
250°C.
[0041] A melting and extrusion temperature lower than
160°C is not preferred because the dissolution or diffusion
of supercritical carbon dioxide into the resin is reduced
or the extensibility of the resin upon foaming is
insufficient to result in a reduced expansion ratio. On
the other hand, a melting and extrusion temperature higher
than 250°C is not preferred either because a deterioration
such as molecular chain scission of the polypropylene-based
resin under heat or a heat shrinkage caused by a delay in
coolingandsolidificationafter foamingbeginstotakeplace.
The resin temperature shortly before the foaming may be
preferably 160 to 210°C, more preferably 170 to 200°C, most
preferably 180 to 190°C.

[0042] To provide a foam with a high expansion ratio
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in the present invention, it is suitable to maintain the
pressure) of the polypropylene resin (the pressure loss)
preferably at 6 to 20 MPa shortly before the delivery
apertures of the die plates attached to the free end of the
extruder and to release and foam the polypropylene resin
with‘carbon dioxide dissolved in a supercritical state
therein under atmospheric pressure. The more preferred
pressure loss is 7 to 15 MPa.

[0043] Apressure loss lower than 6 MPa is not preferred,
because the carbon dioxide dissolved in the supercritical
state in the polyolefin-based resin composition tends to
evaporate inside the extruder and also inside the die block,
foaming takesplaceinside thedie unit, andcell coalescence,
excessive cell growth, a reduction in expansion ratio and
a substantial deterioration in external attraction occur.
On the other hand, a pressure loss higher than 20 MPa is
not preferred either, because large shear force tends to
apply to cells upon formation of the cells through foaming
and cell collapse and the conversion of the cell structure
into a non-uniform cell structure take place. Such an
incomplete cell structure acts as a large obstacle for the
presentation of a good external appearance or thickness
uniformity as a foamed board or for the exhibition of high
heat-insulation performance as a foamed board.

[0044] The above-described tendency is likewise
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observed when a hydrocarbon-based gas, flon gas or an
alternative flon gas is used. The resin pressure shortly
before the delivery apertures in the die plates attached
to the free end of the extruder is not preferred when it
is excessively high or low, and may preferably be 3 to 20
MPa.

[0045] The extrusion delivery rate from the extruder
may preferably be 1 to 1,000 kg/hr. 1In particular, the
extrusiondelivery ratemay preferably be about 1 to 50 kg/hr
for an extruder of the relatively small screw-diameter type
and about 20 to 1,000 kg/hr for an extruder of the relatively
large screw-diameter type. If the delivery rate is
excessively large or small, a suitable pressure loss can
be hardly maintained for the foaming at the tie plates,
therebymaking it impossible toobtaina foamof a sufficient
expansion ratio or resulting in cell collapse. If the
delivery rate is large, it 1is necessary to control the
temperatureatalevel suited for foaming. Itmaythenbecome
necessary to consider a contrivance such as the in-series
connection of a still further extruder to the free end of
the second-stage extruder in a tandem extruder.

[0046] Preferred as the extruder to be used is a tandem
extruder constructed basically by combining in series two
screws having a screw diameter (Dc) of preferably 30 to 200

mm and an Lc/Dc ratio of 15 to 40 in which Lc represents
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O M possible to control the rotational speeds of the individual

screws such that aresinpressure loss conditionanddelivery
rate through the die plates, said pressure loss condition
and delivery rate being suited for the foaming, can be
independently achieved, and alsomakes it possible to finely
adjust the resin temperature such that the properties of
the uncrosslinked polyolefin-based resin composition can
be fully exhibited. Accordingly, a foam of excellent
properties can be produced.

[0047] The foam obtained as described above is a foam
of coalesced, foamed thermoplastic resin strands, which has
an expansion ratio of 10 times or greater, a width (W5) of
500 mm to 2,500 mm, a thickness (D2) of 5 mm or greater and
a W5/D2 ratio of 10 or greater. The minimum thickness of
the foam is 90% or greater of the maximum thickness of the
foam. It is to be noted that the term “thickness (D2)” as
used herein means the average thickness of the foam.
[0048] The width (W5) and thickness (D2) of the foam
are generally greater than the total width (W1l) of all the
dieplates4andthetotal height (Dlof thedeliveryapertures,
and its W5/D2 is 10 or greater likewise. To adjust the
thickness of the foam and to make its thickness uniform,
the foam can be pressed in a thickness direction upon

obtaining the foam. In this case, W5/D2 becomes greater
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than W1/D1. Even with an expansion ratio of 10 times or
greater, it is still possible to obtain a suitable cell
diameter and cell distribution factor. Even with an
expansionratioof 15times or greater or 20 times or greater,
the foam is suited because it has a suitable cell diameter
and cell distribution factor, has a large expansion ratio,
exhibits sufficient heat performance as a member, has a low
specific gravity, can reduce the material cost, and 1is
excellent in heat insulation properties.

Examples

[0049] Examples and Comparative Examples will
hereinafter be described to explain the present invention
in further detail, although the present invention shall not
be limited only to these Examples.

Examples 1-9 and Comparative Examples 1-3

[0050] Provided were extruders each of which had a die
unit 100 composed of a die block 10 and plural die plates
4, The die block 10 had a multiple bifurcated manifold 2
terminating in plural coat-hanger-shaped flow paths 1 at
free ends thereof, and the die plates 4 were arranged
corresponding to the coat-hanger-shaped flow paths 1 and
had delivery apertures 3 therein. Details of those
extruders are as shown in Table 1-1. Using those extruders,
foams were produced under the corresponding production

conditions shown in Table 1-1 and Table 1-2. Properties
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eight groups of delivery apertures 3 in a single plate as
depicted in FIG. 5 was employed in place of the combination
of eight die plates 4. The total width W3 of the delivery
apertures 3 in each group was set equal to the width W2 of
each coat-hanger-shaped flow path 1 at the end thereof to
determine the positions and ranges of the regions a,a’,b

(see FIGS. 1 and 2).
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roolaE>@2E> 4J uENEUNtY4) U Crl Crl d(1) a) C7CC CCN
El- E4-J PE-E4 -Hb C-H4) -HP-HPO-H-HP-HNrl NOU t6 x 0 CO

a (1) ri x (1) C(1) x U oEa rl (0O.C-H.C1l1 .Ca) COa-HaQwa s

E(n Z VU F ro Zro N [005 In nples 4, 6 and 9, die plates 14|n
each of M%%gbundan;nr f% &v E%etaéldapr'ar?b]e% Fbﬁ?%@énlé et r egi on
b and opposite side regions a, a' as illustrated in FIG 4 were used, the

ranges of t%WBé&ﬁd%wnidégiyOh%%oescmr ¥ed& 2 5 ANG6H Bt YeEouR COMMR es 4
and 6) or at from5 to 20% (Exanple 9), and the d| ameters of the delivery
apertures |rrﬁqmnt}mm@@r<ypp@gnlc§@58éda: regEienset, al @60l s trBEapIEs 4 and
6) or 0.65 mm (Exanple 9). 31 10 o ri NLL() (NNUP MIOTi ri ri coW
ri LO LO &d¥G¢. U Her¢N1§8Y,Utde ranges of the boundary regions c,c'

were set at from 5 to 10% (Examples 4 and 6) or at from 5

to 20% (Example 9), and the diameters of the delivery

apertures in the boundary regions c,c' were set at 0.60 mm

(Examples 4 and 6) or 0.65 mm (Example 9).
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[0052] In the present invention, the cross-sectional
shape of each delivery aperture may preferably be circular
in general as described above. Each delivery aperture may,
however, have any other appropriate shape such as a square
or rectangle. 1In such a case, a, B and y do not represent
diameters but indicate the cross-sectional areas of the
delivery apertures, the lengths of one sides (squares), or
the lengths of diagonals (rectangles).

[0053] The term "the total width (W1l) of all the die
plates" as used herein does not mean the total value of the
widths of the individual die plates, but means the total
value of the widths of areas, within which the delivery
apertures are formed, in the individual die plates (For the
meaning of "areas" as used in this context, reference can
be made to the total height (Dl) in FIG. 2). Similarly,
the term "the width (W3) of each die plate"” does not mean
the width of each die plate itself, but means the width of
an area, within which the delivery apertures are formed,
in each die plate.

[0054] In the foregoing, the diameters of the delivery
apertures in each region of eachdie plate were set identical
to each other. The diameters of the delivery apertures in
each die plate may, however, be set such that they gradually
increase froma central vertical axis of thedieplate toward

the opposite side edges of the die plate.
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ChHU 430U U U U U -Oa) U OU CCNNNX.~-CV aEEOUUDO
-rl -rqg-HO 4-1 11 C.CC/ Onu) 43 4-) Nu) U O a 4 4 U C r-lI
=1 Uuuuy (1) -rH13 .CX7 U C(Ti (Ti +) U'o-0U .C+3 J-) LI -0
-HOOCI-) C a-H.C NP -H O (L) r-I DC3+Jaa>0-0i31 3V
tea) U UUCCoOWU CNx rdVVO0O-H-Ha) aj W aoox Cv) a) a) X
f-1 laLn (Ti -H. CC w (14 a > EF ) C) [0052] In the pr esent

i nvention, the 0SS- sectl shape of each delivery rture na

preferably [ﬂ)eosb?pfcul ar ! q'been%]r%ll pié‘t&esscsr}?‘b‘@a éBO\t}%‘ FHefrvé

aperture rrady however, have any other appropriate shape such as a sqluare
elivery apertures are arranged in vertical and horizonta
arrays. However, these delivery apertures may be arranged

in plural arrays inonly a vertical or horizontal direction,

that is, in only vertical or horizontal, plural arrays.
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or rectangle. In such a case, a, a and y do not represent dianeters but
indicate the cross-sectional areas of the delivery apertures, the | engths
of one sides (squares) , or the lengths of diagonals (rectangles). [0053]
The term"the total width (W) of all the die plates” as used herein does
not nmean the total value of the wdths of the individual die plates, but
nmeans the total value of the widths of areas, within which the delivery
apertures are formed, in the individual die plates (For the neaning of
"areas" as U€eH¥h this context, reference can be made to the total height
(D) in FIG 2). Simlarly, the term the width (W) of each die plate"
does not nean tHe withiofPéacr di% plaredi t’iéé‘l Pl He¥Ah89%t Fe wi dth of
an area, within which the delivery apertures are fornmed, in each die plate.
[0054] |n tdratoreperAgsSharedi ahevePatdf the &eri ﬁéqtyucbnpre@t@r 8o litereach
region of each die plate were set identical to each other. The dianeters of
t he del i verfoapebiarele rmopdact: idi & el iat é mayfohowefex shee setsauddidat
they gradually increase froma central vertical axis of the die plate
toward the loppes(4e k=i deg adgés: afr tdegyad e plaatiewndt {OHbH i de dhedid

pl ates shown in the figures, the delivery apertures are arranged in

vertical ansbdwrhaageal-shigay 1 dpwemet ,(1hhesemdeld Mef YoRpestores dmy be
arranged in plural arrays in only a vertlcal or horizontal direction, that

is, in OmBth¥éhC§baﬁ%HYH'@P@iﬁbplﬁlWﬁ% PEEAYS un 1FD A Mo wldﬂﬁc“e
plate (4) for a die block having a coat-hanger-shaped flow path (1) for

eXtrUd'ngEBf¥%é€Eon, wherein:

said die plate (4) is provided with a multiplicity
of delivery apertures (3), and

insaiddelivery apertures (3), thedelivery apertures
(3) in opposite side regions (a and a’) have a diameter (a)
greater than a diameter (f) which the delivery apertures
(3) in a center region (b) have.

2. Adieplate accordingtoclaiml, wherein the ratio
(a/B) of the diameter (a) of said delivery apertures (3)
in said opposite side regions (a and a’) to the diameter

(B) of said delivery apertures (3) in said center region
(b) is 1.05 to 1.40.

3. A die plate according to claim 1 or 2, wherein
said delivery apertures (3) in said opposite side regions
(aand a’) are located within ranges of 30%, based on a width
(W3) of said die plate (4), from opposite side edges of said
die plate (4).

4., A die plate according to any one of claims 1-3,
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f oanabl e thernoplastic resin in a formof a sheet, said die plate (4) being
to be arranged on a downstream side of said coat-hanger-shaped flow path
(1) to nake a flowrate of the nolten foanable thernoplastic resin uniform
in awdth direction, wherein: said die plate (4) is provided with a
multiplicity of delivery apertures (3), and in said delivery apertures
(3),thedelivery apertures (3) in opposite side regions (a and a' ) have a
di anet er (éﬁ% greater t han a diane%er f3) which the %ﬁgivery apertures

(3) in a cefterT+Rdilth PAHCHAVRIC P & Bild I5HHR & Scldh A Inlg” @ BY T & fnPE T
wherein the ratio (a/f3) of the dianeter (a) of said delivery apertures (3)
in said opptsi Y ECEY PG EGRBRs( Th PAREAOR & FahEvm fifst e dedridie vy i)
delivery apertures (3) in said center region (b) is 1.05 to 1.40. 3. Adie
pl at e accorfihgdebl¥raiymaprerterewiéreilr &&t dtdelOPéry apertures (3) in
said opposite side regions (a and a' ) are located within ranges of 30%
based on a width5.(W) dife qalatdi ecpbatddnal)tqe gmnpneonpposi teéadimde ledhes of
said die plate (4). 4. A die plate according to any one of clainms 1-3, 36
wher ei n t hevipereent age dofded v ar puapeesiur akel ( ¥er yreataer preigedelinvery
aperture (3) based on a maximumresin delivery rate per delivery aperture
(3) is 80%H®r DOt ad. aArdiyes pl ate according to any one of clains 1-4,
wherein said delivery apertures (3) are arranged in horizontal arrays. 6. A

die plate (14) agror i ngiéopthaiem 4P HECOHrdiWRErR] e poURdany 4regi ons (c
and c¢') are arranged between
wherein boundary regions (c and c’) are arranged between
said opposite side regions (a and a’) and said center region
(b), respectively, and the delivery apertures (13) in said
opposite side regions (a and a’), the delivery apertures
(13) in said boundary regions (c and c¢’) and the delivery
apertures (13) in said center region (b) satisfy the
following equation:
a>y>PB
wherein
o: Diameter of said delivery apertures (13) in said
opposite side regions (a and a’),
B: Diameter of said delivery apertures (13) in said
center region (b), and
y: Diameter of said delivery apertures (13) in said
boundary regions {(c and c’).
7. An elongated die plate (24) for a die block having

plural coat-hanger-shaped flow paths (1) for extruding a

molten foamable thermoplasticresinina formof awide sheet,
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said opposite side regions (a and a' ) and said center region (b) ,
respectively, and the delivery apertures (13) in said opposite side regions
(a and a'), the delivery apertures (13) in said boundary regions (c and c')
and the delivery apertures (13) in said center region (b) satisfy the
foll owi ng equation: a>y>R wherein a: D aneter of said delivery apertures
(13) in said opposite side regions (a and a'), 0: D aneter of said delivery
apertures (13) in said, center region (b), .and y: Dianeter of said delivery
Pertur o (Tt H1SAPA o hIREG Il CanBYctp BF Gt ShoRGacad di o
plate (24) for a die block having, plural coat-hanger-shaped flow paths (1)
for extrudidRyaStrBPMeRIE6anREI T2 AcioRbrAdPPE rediaP e BlewmAtdrs al W de
sheet, 37 said elongated die plate (24) being to be arranged on downstream
sides of sdid ekt -pahger- sRase®f 10w pap hsenl foama ek et e fmewlegttel ®f t he
nol ten foamabl e thernoplastic resin uniformin a wdth direction on

downst reammisies whifeaindivoat whatdedisteapedof | ow gpavhstiepm scdehgs icsing a

| i ke plural nunber of die plates as defined in any one of clains 1-6

i nt egr at ed daii ¢ at ok v e hgeirr-edid pad stitbwt hat hsai(d) pl apalp r irsiinbera afi kk e

pl ates correspond to said coat-hanger-shaped flow paths (1), respectively.

8. Adie uplufd0humibeposeddDé @l 4t €shd ocke f 10 dang ampy W «ff elplaies (4),
said die block (10) having a multiple bifurcated manifold (2) term nating

i nda ltihke pl!g% aln tugheredafiteati o RaRgerdi s62ped 5Qwhrak 88 {d)d @1 waynwar d
endas ereo

number of die plates correspond to said coat-hanger-shaped
flow paths (1), respectively.

8. A die unit (100) composed of a die block (10) and
plural die plates (4), said die block (10) having amultiple
bifurcatedmanifold (2) terminating in a 1like plural number
of coat-hanger-shaped flowpaths (1) at downwardends thereof
topermit extrusionof amolten foamable thermoplastic resin
in a form of a wide sheet, and said die‘plates (4) being
to be arranged corresponding to said respective
coat-hanger-shaped flow paths (1) on downstream sides of
said coat-hanger-shaped flow paths (1) to make a flow rate
of themolten foamable thermoplasticresinuniforminawidth
direction on said downstream sides of said
coat-hanger-shaped flow paths (1), wherein:

said die plates (4) are each provided with a
multiplicity of delivery apertures (3), and

in saiddelivery apertures (3), thedelivery apertures
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to permt extrusion of a nolten foanmable thernoplastic resin
w de sheet, and said die plates (4) being to be arranged co
sai d respective coat-hanger-shaped flow paths (1) on downstr
sai d coat - hanger-shaped flow paths (1) to nmake a flow rate
f oamabl e thernoplastic resin uniformin a wdth direction o
downstream si des of said coat-hanger-shaped flow paths (1),

in aformof a
rresponding to
eam si des of
of the nolten
n said
wherein: said

die plates (4) are each provided with a multiplicity of delivery apertures

(3), and in(Xaild e@nasrye fde wresiery (atanrd gl Vearve apeitadedser 3 3) in

opposite side regions (a and a' ) have a dianeter (a) great
di aneter (@revieh thendel idiameaper (B ewhicd) tihe alekhveryr
9. Adie unit according to claim@8, wherein in each of said
the ratio ((X/ ninoé treatdimmeeeiofa)(blothasedd delivery apert
opposite side regions (a and a') to the dianeter (p) of sai

er than a
egeat Y1y s have
die plates (4),
ures (3) in said
d delivery

apertures (3) i said denterit egpoordbhgi s0lc05it08]. 4berHlin A rdiesm aini t

according to claim8 or 9, wherein in each of said die plat

es (4), said

delivery apeftdyias did plidt Sai d OPRIE R sided gD IS the andretdr alk)

| ocated within ranges of 30% based on a width (W) of said

die plate (4),

from opposid e ssiidededges 3f apaird Heés NIzt en(Hid bbpds dt & ditd raeesk ng to

any one of clainms 8-10, wherein in each of said die plates

per cent age ﬁ% ardq M Nf UM Egéi Qigﬁllgit\éerr Y ihatsE %%riéedéi’f%)ri’rp

on a maxi mumresin delivery rate per deli'very aperture

12. Adie upif agcanding.dg apy,2a8cef @@ifE 8:8% o 1.40.

(4), the

PO 10096 -

10. A die unit according to claim 8 or 9, wherein in

each of said die plates (4), said delivery apertures (3)

in said opposite side regions (a and a’) are located within

ranges of 30%, based on a width (W3) of said die plate (4),

from opposite side edges of said die plate (4).

11. A die unit according to any one of claims 8-10,

wherein in each of said die plates (4), the percentage of

aminimumresindeliveryrateperdeliveryaperture (3) based

on a maximum resin delivery rate per delivery aperture (3)

is 80% to 100%.

12. A die unit according to any one of claims 8-11,

wherein in each of said die plates (4), said delivery

apertures (3) are arranged in horizontal array

S.

13. A die unit according to any one of claims 8-12,

wherein said coat-hanger-shaped flow paths (1) an

plates (4) are arranged as many as 2 to 16, resp

d said die

ectively.

14. A die unit according to any one of claims 8-13,
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wher.ein in each of said die plates (4), said delivery apertures (3) are
arranged in horizontal arrays. 13. A die unit according to any one of clains
8-12, wherein said coat-hanger-shaped flow paths (1) and said die plates
(4) are arranged as nany as 2 to 16, respectively. 14. A die unit according
to any one of clainms 8-13, 39 wherein said coat-hanger-shaped fl ow pat hs
(1) each have a wdth (W2) of 130 to 450 mm at downstream ends thereof. 15.
A die unit according to any one of clains 8-14, wherein said plural die

pl at es (4)W§ﬁﬁ?%&t?§#9 FﬁétHQQQﬂ@HQShéBﬁﬁtﬁkﬁ%:PTﬁBQ Y &RED WBVRL>10
wherein D : Total height of said delivery apertures (3) in each die plate
(4), and We Wiglteh (Wt hobf138i HophgPamndiad gloatnesst ya3m egdsAtieg ami ¢
according to any one of clains 8 and 11-15, wherein in each of said die
pl ates (14), bodidaryp diegiwnst (zcandddnaarte @maned &t akenmsaitd lopposite
side regions (a and a') and said center region (b) , respectively, and the
del i very apérd¢rees 5ali3) pilnrsd diegposi¢e (di)deachganss f & lendod'lpow itrie
delivery apertures (13) in said boundary regions (c and ¢' ) and the
delivery apssiditesons3) in said center region (b) satisfy the follow ng
equation: a>7>(3 wherein a: Dianeter of said delivery apertures (13) in
said opposite sigie-xeghonsnga and a'), (3: Dianeter of said delivery
apertures (13) in said
W1/D1>10
wherein
D1: Total height of saiddelivery apertures(3) in each
die plate (4), and
Wl: Total width of said plural die plates (4).
16. A die unit according to any one of claims 8 and
11-15, wherein in each of said die plates (14), boundary
regions (c and c¢’) are arranged between said opposite side
regions (a anda’) and said center region (b), respectively,
and thedeliveryapertures (13) insaid opposite side regions
(a and a’), the delivery apertures (13) in said boundary
regions (c and c’) and the delivery apertures (13) in said
center region (b) satisfy the following equation:
a>y>p
wherein
a: Diameter of said delivery apertures (13) in said
opposite side regions (a and a’),

f: Diameter of said delivery apertures (13) in said

center region (b), and
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center region (b), and 40 y: D aneter of said delivery apertures (13) in
sard boundary regions (c and c¢'). 17. A die unit according to any one of
clainms 8-12 and 14, wherein said plural die plates (4) conprise an

el ongated die plate according to claim7. 18. A process for producing a w de
thernoplastic resin foanby feeding a nolten foanmabl e thernoplastic resin
through a nultiple bifurcated manifold (2) termnating in plura

coat - hanger - shaped fl ow pat hs él) at downward ends thereof, extruding the
nmol t en foamabl e tYhePAgpledstd ©F esd hdadef daesy %R@@h@geﬁhﬁé@ghl§m3ﬁl

coat - hanger-shaped fl ow paths (1) , and then coal escing said foaned strands
t oget her, wherein: S@endesiedestirgnds(aranexiy’dded t hrough delivery
apertures (3) formed in plural die plates (4) arranged corresponding to

sai d respective ldoat Fhahigerushaped¢ddminpat bsahy) core dofnsi réam J-dez of
sai d coat-hanger-shaped flow paths (1); and in each of said plural die

pl ates (4),and hed delheeryimpeaidrpdufd)l idioppbstes Sidde cegponse(anand a')
have a dianmeter (a) greater than a dianeter (0), which the delivery

apertures (Q)onfatededier gegtoOnatbpritavey to® crake & .flow rate of the
nol ten foamabl e thernoplastic resin uniformin a width direction on said

downstream si deg gof zSgi-dce@at fB@'}QﬁEd§B§H§da fliow pakhadphlasdde A Prpcess
according to claim 18, wherein in each 41 of said die plates (4), the ratio

(a/p) of t%ﬂh%&ﬁ*@édiﬁ arﬁ’é1Eéh%%éﬂfé%{@%#ﬂi§§8§L§)ﬁé£‘l§@h‘} site

side regions (a and e di aneter sal el 1very apertures

(3) in Sa'%‘ﬁﬁﬁ@{pESQBQQngaﬂéﬂ1m9§1%81%.4% terminating in plural

coat-hanger-shaped flow paths (1) at downward ends thereof,
extruding themolten foamable thermoplastic resin as foamed
strands through said coat-hanger-shaped flow paths (1), and
then coalescing said foamed strands together, wherein:

said foamed strands are extruded through delivery
apertures (3) formed in plural die plates (4) arranged
corresponding to said respective coat-hanger-shaped flow
paths (1) on downstream sides of said coat-hanger-shaped
flow paths (1); and in each of said plural die plates (4),
the delivery apertures (3) in opposite side regions (a and
a’) have a diameter (a) greater than a diameter (p), which
the delivery apertures (3) in a center region (b) have, to
make a flow rate of the molten foamable thermoplastic resin
uniform in a width direction on said downstream sides of
said coat-hanger-shaped flow paths (1).

19. A process according to claim 18, wherein in each
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20. «A process according to claim 18 or 19, wherein in each of said die
plates (4) , said delivery apertures (3) in said opposite side regions (a
and a' ) are located within ranges of 30% based on a width (W) of said
die plate (4), fromopposite side edges of said die plate (4). 21. A
process according to any one of clains 18-20, wherein in each of said die
plates (4), the percentage of a mninumresin delivery rate per delivery
aperture (3) based on a maxinmumresin delivery rate per delivery aperture
(3) is 80%% saighBhieplak qf dddss tac sediimy (9% fany fokd cofl iames st 1821,
wherein in each of said die plates (4), said delivery apertures (3) are
arranged i P ThERLELALAL VEAYaFRETEB L &8 pPdceB S Hed OPRTY § o Sdrfle s8g 1N ai s
18-22, wherein in each of said die plates (14), boundary regions (c and c'
) are arrangecrbdtaveent ¢at e oppesite rsi(@e rodgisensd dal andry’ hpamd vsad s
center region (b), respectively, and the delivery apertures (13) in said
opposite sid® regi easd (C@rarar at¢givhe [@al i very. AperttourlesA{13) in said
boundary regions (c and ¢' ) and the delivery apertures (13) in said
center region (kY.satn ¥yotdest aklcordih€quat coaimd2 ;axy>pl owheheire i

D aneter of said delivery apertures (13) in said opposite side regions (a

and a'), FiDeyw eff ohisiabdedglhvesy (apgrsuiasdéldyelrny spied-t 1600 er3y egi on
(b), and y: Dianmeter of said delivery apertures (13) in said boundary
regions (¢ @& d oppfbs it PTLLES ST ALLORET NG driy @Y @R b &t dy 148 43,
ranges of 30%, based on a width (W3) of said die plate (4),
from opposite side edges of said die plate (4).

21. A process according to any one of claims 18-20,
wherein in each of said die plates (4), the percentage of
aminimumresindeliveryrateperdelivery aperture (3) based
on a maximum resin delivery rate per delivery aperture (3)
is 80% to 100%.

22. A process according to any one of claims 18-21,
wherein in each of said die plates (4), said delivery
apertures (3) are arranged in horizontal arrays.

23. A process according to any one of claims 18-22,
wherein in each of said die plates (14), boundary regions
(c and c’) are arranged between said opposite side regions
(a and a’) and said center region (b), respectively, and
the delivery apertures (13) in said opposite side regions
(a and a’), the delivery apertures (13) in said boundary

regions (c and c’) and the delivery apertures (13) in said

center region (b) satisfy the following equation:
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wher.ei n said plural

die plates (4) conprise an elongated die plate

according to claim7. 25. Aw de thernoplastic resin foanhaving an expansion
ratio of at least 10 tines, a width of 500 mrmto 2,500 nm a thickness of
least 5 nmmand a width/thickness ratio of at |east 10, and the

at

percentage of a m ninmumthickness

a maxi nrum t hi ckness of said foam 43

of said foam being at

| east 90% based on

a>y>P
wherein

o: Diameter of said delivery apertures (13) in said
opposite side regions (a and a’),

f: Diameter of said delivery apertures (13) in said
center region (b), and

y: Diameter of said delivery apertures (13) in said
boundary regions (c and c’).

24. A process according to any one of claims 18-23,
wherein said plural die plates (4) comprise an elongated
die plate according to claim 7.

25. Awidethermoplasticresinfoamhavinganexpansion
ratio of at least 10 times, a width of 500 mm to 2,500 mm,
a thickness of at least 5 mm and a width/thickness ratio
of at least 10, and the percentage of a minimum thickness
of said foam being at least 90% based on a maximum thickness

of said foam.
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